or colon cancer. Her medical history was remarkable for placement of a carotid artery stent 5 years earlier.
Physical examination was unremarkable except for the presence of a maculopapular rash inconsistent with dermatitis herpetiformis and with dependent distribution over the lower legs.
The patient's blood pressure was 133/59 mmHg, pulse 51 beats/min, temperature 36.5°C, and weight 59. The patient met with a nutritionist and implemented recommended dietary changes to eliminate gluten. Her symptoms temporarily improved, with a return to normal bowel function, but after a short time her symptoms recurred. Results of further tests excluded conditions known to complicate or coexist with celiac disease, including bacterial overgrowth, microscopic colitis, and lactose intolerance. Because the patient's symptoms were refractory to treatment and required prolonged, continued use of corticosteroid therapy, esophagogastroduodenoscopy with duodenal biopsies was performed, and formalin-fixed smallbowel biopsy tissue samples were sent to the molecular diagnostic laboratory for additional testing.
DISCUSSION CELIAC DISEASE
Celiac disease is a T-cell driven, multifactorial chronic inflammatory disorder of the small intestine characterized by mucosal inflammation, villous atrophy, and crypt hyperplasia; it has a prevalence of approximately 1% in the population. Among autoimmune diseases, celiac disease is unique in that an environmental trigger (gluten) and an autoantigen (tissue transglutaminase) have been identified (1 ) .
The main dietary sources of gluten are wheat, rye, barley, and oats, but the gluten in oats has not been found to contribute to celiac disease. Gluten is broken down into smaller peptides by gastric acid and digestive enzymes. In the intestine, tTG converts glutamine to glutamic acid, thereby increasing the affinity of the binding of gluten peptides in the cleft of HLA class II molecules. The modified peptides are inappropriately recognized by helper T cells, perhaps because of molecular mimicry of microbial peptides The identity of these immunogenic peptides has been determined (2) (3) (4) . Most individuals with celiac disease express HLA-DQ2 (95% of patients), and the others typically express HLA-DQ8. The presence of HLA-DQ2 and/or DQ8 alone, however, is not sufficient for disease, which is thought to involve other contributing factors such as additional genetic loci, stress, inflammation, and infection. The key treatment for celiac disease is lifelong adherence to a strict gluten-free diet.
DIAGNOSIS OF CELIAC DISEASE
The diagnosis of celiac disease is based on concordance of serological tests, small-bowel biopsy, and resolution of symptoms on withdrawal of gluten from the diet (5, 6 ) . Serological testing for celiac disease includes anti-EMA IgA and anti-tTG IgA and IgG. Anti-AGA tests are no longer recommended because of their lower sensitivity and specificity [anti-AGA IgA sensitivity 75%-95%, specificity 80%-95% (7 ); anti-AGA IgG sensitivity 57%-100%, specificity 47%-94% (8 ) ].
In the anti-EMA test, antibodies from the patient's serum bind to connective tissue surrounding smooth muscle cells of either monkey esophagus or human umbilical cord and are detected by immunofluorescence. Identification of EMA as tTG led to the development of anti-tTG immunoassays. The first assays used guinea pig tTG; current assays use human tTG, either native (from erythrocytes) or recombinant. The antitTG test is easier to perform and more cost-effective than the anti-EMA test, and results are objective and quantitative. The test approaches 100% specificity and Ͼ90% sensitivity for celiac disease in a variety of clinical settings and populations (see Table 1 ) (7 ). A test for antibodies against a 9 amino-acid deamidated gliadin peptide has recently become commercially available, but few studies of its diagnostic accuracy have been published.
The gold standard for diagnosis is histopathologic assessment of 4 -8 mucosal biopsy specimens of the small bowel obtained while the patient is on a diet containing gluten.
CAUSES OF FAILURE TO RESPOND TO TREATMENT
The case patient is among a small proportion of individuals with celiac disease whose illness does not respond to a gluten-free diet. The 3 main causes of treatment failure are (i) inadvertent or intentional failure to adhere to a strict gluten-free diet; (ii) other complicating or coexisting conditions such as small-bowel bacterial overgrowth, lactose intolerance, or microscopic colitis; and (iii) disease refractoriness to a gluten-free diet. The patient described here was compliant with the diet, and diagnostic testing revealed no evidence of lactose intolerance, microscopic colitis, small bowel bacterial overgrowth, ulcerative jejunitis, or lymphoma. These findings suggest a diagnosis of refractory celiac disease, which is characterized by persistent villous atrophy with an increase of intraepithelial lymphocytes in the small bowel while the patient is on a long-term gluten-free diet. In both responsive and refractory celiac disease, celiac antibodies usually decrease with dietary therapy (as observed in this case) and remain within reference intervals unless individuals are reexposed to gluten.
Two types of refractory celiac disease occur and are differentiated by the type of T-cell populations in the intestinal mucosa, which are polyclonal in type I disease and clonal in type II disease (9 ) . Although the presence of this clonal T-cell population is termed "cryptic intraepithelial lymphoma," this finding does not imply a diagnosis of a malignant process, although enteropathy-associated T-cell lymphoma develops in a subset of these patients.
TCR␥ GENE REARRANGEMENT
In the case patient, a T-cell receptor ␥ locus (TCR␥) gene rearrangement assay was the molecular test performed on the intestinal biopsy specimens to test for the presence of a clonal population of T cells. Functional human TCR␥ is encoded by the random rearrangement of 1 of 10 variable (V) segments and 1 of 5 joining (J) segments of the TCR␥ gene. During T-cell maturation in the bone marrow, the (V) and (J) gene segments are randomly recombined to form a functional TCR␥ chain.
The TCR␥ chain gene segments are located on chromosome 7p14, and every T cell carries 2 alleles (paternal and maternal) of this locus. During T-cell development one or both alleles undergo rearrangement, so a clonal T-cell population carries 1 (monoallelic) or 2 (biallelic) rearranged TCR␥ chain genes.
In the test for clonal T cells, pairs of specific PCR primers target the conserved regions flanking the (V) and (J) gene segments. Nonrearranged (V) and (J) segments in the germ line configuration are far apart, and therefore do not give rise to PCR products. A PCR product will arise only from rearranged (V) and (J) segments. Each specific (V) and (J) rearrangement produces a PCR product of a characteristic size. Individuals without celiac disease will have many different T cells, each with a specific TCR (a polyclonal population), leading to the formation of PCR products of many different sizes (Fig. 1A) . This test revealed that the intestinal biopsy specimen from the case patient contained biallelic TCR gene rearrangements (one of which is shown in Fig. 1B) . This finding of a predominant clonal T-cell population along with villous blunting observed by small bowel biopsy indicated a diagnosis of type II refractory celiac disease. 175-195 nt, blue) . The predominant amplicon (192 nt) produced a fluorescent peak height intensity more than 3 times greater than the mean polyclonal background peak height intensity.
PROGNOSIS AND TREATMENT OF TYPE II REFRACTORY CELIAC

DISEASE
The 5-year survival for type II refractory celiac disease is Ͻ50%, with the most common causes of death being T-cell lymphoma and infection. Treatment options include corticosteroids and immunosuppressive agents such as thiopurines and infliximab. There is concern that immunosuppressive therapy promotes progression to lymphoma, but no data confirm this risk. Therapies under investigation include antibody to IL-15, a cytokine that leads to enhanced enterocyte killing in celiac disease (10 ) , and stem cell transplantation.
Given the results of the TCR studies, repeated confirmation of the patient's strict adherence to a glutenfree diet, and the patient's continued dependence on steroids for a period of several months, immunosuppressive therapy was initiated with 6-mercaptopurine with the goal of decreasing or eliminating the need for corticosteroid therapy. The patient was able to discontinue cortocisteroids and at the time of this report was doing well on 6-mercaptopurine alone.
Commentary
Robin G. Lorenz
The gold standard for diagnosis of celiac disease (CD) requires both a duodenal biopsy showing villus blunting, crypt hyperplasia, and increased numbers of intraepithelial lymphocytes (IELs) and a subsequent small intestinal biopsy that shows resolution of these histological findings after the patient is put on a gluten-free diet (1 ) . The development of new serological tests, however, have resulted in the current diagnostic standard of IgA antitissue transglutaminase (tTG), which is the autoantigen responsible for the development of endomysial antibodies.
In this case, the patient's original diagnosis was by a biopsy and IgA anti-tTG. She was refractory, however, to her gluten-free diet (a situation that could be
POINTS TO REMEMBER
• Celiac disease has a prevalence of 1%, and diagnosis is based on concordance of serologic tests, small bowel biopsy, and resolution of symptoms upon withdrawal of gluten from the diet.
• Wheat, rye, and barley are the main dietary sources of gluten that contribute to celiac disease. The gluten in oats does not seem to contribute to celiac disease.
• Testing for anti-human tTG antibodies provides a sensitivity approaching 100%. Antigliadin antibody testing is no longer recommended because of low sensitivity and specificity.
• Several possible explanations account for patient failure to respond to a gluten-free diet, including nonadherence, other coexisting conditions (such as small bowel bacterial overgrowth, lactose intolerance, and microscopic colitis), and the presence of type I or II refractory celiac disease.
• An appropriate test for refractory celiac disease for which adherence to a gluten-free diet has been verified is a TCR␥ gene-rearrangement study to determine if a prominent T-cell clone is present in the intestinal mucosa.
attributable to nonadherence to the diet). When this possibility is ruled out, a more concerning reason for a poor clinical response is that the patient may have a serious complication of celiac disease, enteropathy-associated Tcell lymphoma (EATL) or refractory CD. EATL is a clonal proliferation of IELs that historically has been diagnosed on the basis of biopsy and immunohistochemical analysis to determine the presence of abnormal T cells in the intestinal epithelium. This case study is one of the first to investigate the use of polymerase chain reaction (PCR) for T-cell receptor (TCR) gene rearrangements in EATL/refractory CD and demonstrates that this approach will detect a clonal rearrangement in intestinal biopsies. It is critical to note, however, that oligo-or monoclonal IEL populations can also be detected in the large majority of refractory CD (both type I and type II), and therefore differentiation between EATL and refractory disease is of limited use (2 ) . Immunohistochemical analysis for T-cell surface receptors (CD3 and CD8) and histological appearance are more useful in the diagnosis of EATL or refractory CD. Serology is useful only in the initial diagnosis.
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